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Abstract
Witheringia solanacea is a flowering shrub common to the Pacific Slope of Central
America, from Mexico to Bolivia. Known locations of W. solanacea in Costa Rica were
compared to geographic data to generate a predicted habitat model. Elevation, aspect,
slope, annual mean precipitation, distance to roads, and distance to streams were
statistically analyzed to determine their relationship with W. solanacea .The elevation,
precipitation, and distance to roads variables had the most significant influence over
plant distribution and were incorporated into the habitat model.

Introduction
Witheringia solanacea is a flowering shrub common to the Pacific slope of Central
America, from southern Mexico to South America (Bohs 2000). In Costa Rica, it is
generally found above 600m in elevation on Costa Rica’s Pacific Slope, often on the forest
edges (Haber 2001). It is in the nightshade family, and resembles a tomato plant, with small
yellow flowers and red fruit (Figure 1, Figure 2). Some W. solanacea specimens have
flowers that can be fertilized by their own pollen; this is called self-compatibility (SC)
(Bohs 2000). Others do not have this ability, which makes them self-incompatible (SI). This
variation in reproductive types makes W. solanacea a very useful plant for evolutionary
genetics research. The purpose of this project is to model W. solanacea habitat and predict
where new, genetically distinct populations of the species may be found.

Figure 3. Probability of favorable W. solanacea habitat in Costa Rica. The raster was generated by
calculating coefficients for each variable through a binary logistic regression.

Figure 4. Probability of W. solanacea habitat. This map shows area where probability is >50%.

Variable
Aspect
Slope
Elevation
Annual mean Precipitation
Distance to Nearest Road
Distance to Nearest Stream

P value
0.007
< 0.0001
< 0.0001
0.002
0.052
0.132

Table 1. P-values based on Mann-Whitney U tests for
all variables.

Figure 1. Witheringia solanacea fruits.

Figure 2. Witheringia solanacea flowers marked
with tags for a research project.

Figure 5. Costa Rican slope profile. This variable
was not a significant predictor of W. solanacea
location.

Figure 6. Costa Rican elevation profile. This
variable was a significant predictor of W.
solanacea location (p <0.0001) and was used in
the habitat model.

Methods

Elevation, precipitation, and distance to roads were the best predictors in the habitat model.
Surprisingly, aspect was not a significant predictor of plant locations even though W.
solanacea is known to grow on the Pacific (western) slope of the Continental Divide. The
habitat model is very rudimentary due to the limited detail of the geographic data and small
number of known W. solanacea locations.

In ArcGIS, I input 171 locations where Witheringia solanacea has been collected in Costa
Rica. Coordinates for these locations were obtained by Professor Judy Stone using a
handheld GPS. Using Mann-Whitney U tests, I compared the elevation, slope, aspect,
annual mean precipitation, distance to the nearest road, and distance to the nearest stream
raster values for known W. solanacea locations to randomly generated points (Figures 510). The variables that significantly differed between random and actual points were then
input into a binary logistic regression and the output constants and coefficients were used
to generate an equation to predict W. solanacea habitat.
Data were obtained from the Atlas of Costa Rica 2008, which was generated by the
Instituto Tecnológico de Costa Rica’s Escuela de Ingenieria Forestal. The Shuttle Radar
Topography Mission (SRTM) data was used for the digital elevation model from which
slope and aspect were derived. All statistical analyses were generated using Microsoft
SPSS, and all G.I.S. data used the Proyección CRTM05 Transverse Mercator projection.

Figure 7. Costa Rican roads. Distance to roads
was nearly a significant predictor of W. solanacea
location (p = 0.052) and was used in the habitat
model.

Figure 8. Costa Rican streams. This variable was
not a significant predictor of W. solanacea
location.

Ideally, this model could be tested for fit with additional known W. solanacea locations.
However, all the data points were required to build the model so there are none to test it.
Furthermore, colinearity tests could be beneficial to determine whether there is association
between important variables like elevation and precipitation. Further research could also
incorporate Holdrige Life Zones for Costa Rica, to see whether W. solanacea distribution
can be predicted by these biological zones. Soil type and land cover are other interesting
variables that could be included in the model.

Conclusion
W. solanacea is used for evolutionary genetics research; modeling its habitat is a way to
predict where new, genetically distinct unique populations of the species may be found.
This model shows general areas where W. solanacea habitat is likely, and it could be
expanded and made more accurate through the addition of more variables, like soil type
and land cover.

Results
Aspect, slope, elevation, and annual mean precipitation were all significant in a MannWhitney U test at the 0.05 level, and distance to roads was positively and nearly
significantly related to W. solanacea presence. (Table 1.)The latter variable was used in
further analyses even though not technically significant at the 0.05 level because its p-value
rounded to 0.05. Distance to streams was not significantly associated with W. solanacea
presence. The results of the binary logistic regression are represented in Table 1. The
equation generated to predict the probable distribution of Witheringia solanacea was:
P (W. solanacea) =
1
1+ e-(-3.905 + 0.002Elevation + 0.805Precipitation – 0.001Distance to road)
Based on the model, 7,127 km2, or 13.95% of Costa Rica, had at least a 75% chance of
containing W. solanacea habitat, 1,203 km2, of 2.36% chance of Costa Rica, had at least a
90% chance of containing W. solanacea. Only 493 km2, or 0.97% of Costa Rica, had a
greater than 95% chance of containing W. solanacea habitat (Figure 4).

Discussion
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Figure 9. Costa Rican aspect profile. This
variable was a significant predictor of W.
solanacea location (p = 0.007) and was used in
the habitat model.

Figure 10. Costa Rican precipitation map. This
variable was a significant predictor of W.
solanacea location (p = 0.002) and was used in
the habitat model.
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